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Although there is considerable research on the experimental testing of foil-air bearing
(FAB) rotor systems, only a small fraction has been correlated with simulations from a full
nonlinear model that links the rotor, air ﬁlm and foil domains, due to modelling
complexity and computational burden. An approach for the simultaneous solution of the
three domains as a coupled dynamical system, introduced by the ﬁrst author and adopted
by independent researchers, has recently demonstrated its capability to address thisFoil-air bearings
Nonlinear vibrationproblem. This paper uses this approach, with further developments, in an experimental
and theoretical study of a FAB-rotor test rig. The test rig is described in detail, includingTribology
Rotordynamics
issues with its commissioning. The theoretical analysis uses a recently introduced modal-
based bump foil model that accounts for interaction between the bumps and their inertia.
The imposition of pressure constraints on the air ﬁlm is found to delay the predicted onset
of instability speed. The results lend experimental validation to a recent theoretically-
based claim that the Gümbel condition may not be appropriate for a practical single-pad
FAB. The satisfactory prediction of the salient features of the measured nonlinear
behavior shows that the air ﬁlm is indeed highly inﬂuential on the response, in contrast to
an earlier ﬁnding.
© 2017 Elsevier Ltd. All rights reserved.
1. Introductionler of oil-free turbomachinery technology and its environmental and technological
roughs in materials and manufacturing technology reported in the late 1990s/early
plicability to an ever increasing range of turbomachinery [2]. However, the analysis
g nonlinear problem that discourages their use [3]. As stated by Balducchi et al. [3],
aring that is considerably more complex than traditional journal bearings, but
omena that cannot be predictedwith traditional theoretical models based on linear
governed by the nonlinear interaction between the air ﬁlm, foil structure and rotor
by time-based differential equations [4e6]. As discussed in Refs. [4e6], in order to
oblem has been subjected to simpliﬁcation to one or more aspects. One major
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